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(54) Title: PROCESSES FOR PRODUCING OPTICALLY ACTIVE 1 -SUBSTITUTED 2-METHYLPYRROLIDINE AND IN- 
TERMEDIATE THEREFOR 

(54) XHCD«ft: **SHS 2 — * ^;Utfn U V tf^<D * nttCDUS 



(57) Abstract: A process for producing an optically active 1,4-pentanediol which comprises asymmetrically reducing 
qq 5-hydroxy-2-pentanone, which is easily available at low cost. Also provided is a process for producing an optically active 
qq 1 -substituted 2-methylpyrrolidine which comprises sulfonylating the optically active 1,4-pentanediol to convert it to an optically 
f*"J active sulfonate compound and subsequently reacting the compound with an amine. By these processes, an optically active 

1,4-pentanediol useful as an intermediate for medicines and an intermediate for agricultural chemicals and an optically active 

1-substituted 2-methylpyrrolidine can be simply produced from an inexpensive starting material. 
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[oooi] ^mm^mmRxfmmm(D^mi^t^x^m^^mm-mm-2-^7uii o vi 

[0002] mm, yt^m-mm-2-^/^viv^>(Dmm^ti,x^r(D^m^h 

/vm&m\ ^x9^^mz.m^i~^Bc x*), (r)-i— o^/vjr^yjjsv^/v- 

(2) v^w-(D2-^;v\fn^>^^ m&w&m v ^xyt^m-t^m mm^x 

fifc2) 0 

[0003] U^Uf^ _hfS(l) CO ^mi^SC #'l4<^^^V^^b^^fflbTV^§ 

o *7t, ±m(2)<D^m^n^mwcmm^Mir^m^h^fMcmmmmxh 

[0004] itmsm, 4-^^>^-/^wMt^x^^m-mm-2-^/^vi^ 
^Kmrn-rti^ ±m(D^m^m^x^mm-w:M-2-^/v^uv^^m 

[0005] yt^m, 4— <>?>i?*-/is<Dm&mtvxfeTm<D£yfj;^mt)m 

(3) 2, 4, 4-hy^^/v-2-^dri^-^y>-^n-^/vy^-^^^MMb/t^y7— ht 

, (S)-^t^nntKy^^5/7°y^^i3rfc^, ^gl^JPzk^U ^V>-C7K*^y 

^-^AT/v^^^^-e5i^«r^^j:«9 (s)-i, 4— ^^v^— /v^M3ti-§*- 
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-e^KBfeSSrh-^/Wbb^, *^>fky^^T/^^^A-C3S5c«^i:^J:t) (S)-l 
, 4— ^^^j— /v£§^£1-3^fe(##f^i»4) 0 

(5) i^y^g^v^r/v (4-^y^<^^^^^^/v) (Z)*;^^;vS^^^ft 

(6) ftW l , 4-^-O^vo?}-— /V<D lfiO^^S^hy ^/V^t- J:*9i*«Lrt# 
, y^— €-e^^Tv-/Hb^fTV\ mhfcfc.tt^/vW.kT/v^/vfo<Dm&mfrh 

[0006] L,a»Uetf*£>, Ji|E(3)RtJ«(4)(^^«X@^V^^Sffi*^J«r#ffi-t-5^ 

fc, _h|E (6) ©^«^-t:5:^(D^#J-efe^7t*#^l^-efe§ 0 
##fF3Cifcl:J. Org. Chem., 1989, 54, 209-216. 
##f^ife2:Acta. Pharm. Suec, 1978, 15, 255-263. 
##fF3Cife3:J. Chem. Soc, Chem. Commun., 1994, 483-484. 
#N#fF:£iSfc4:J. Med. Chem., 1982, 25, 943-946. 
##f^i^5 : Synthetic Communications, 1990, 20, 999-1010. 
##ffr^fi£6 : Bioorganic & Medicinal Chemistry Letters, 1996, 6, 71-76. 

[0007] _hiE^M^, ^mm(D g mzyt^m, 4^>?i/i?*-/v(D$)imvmmik 

[0008] ^K#b^«^^o/t^, ^!5£oA?t^^5-tFndr^-2-^y 
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[0009] HP*>*5IWr±, TIB^(l) : 

[ooio] ute] 



O 




[oon] X*m&ti%5-K}?u^-2^^?y^&^#mrt1r&^b&%fmt1r^ TIBS: (2) 
[0012] Mb7] 



OH 




[0013] OCT, * ft^il^^t 0 ) X-mtstiZft^m, 4-^>?>i?Jr-;v(D 

[0014] -^ti^mm mmn (2) -e^^^^^tti , 

/Hbi~6^i:^J;«9, TIBS; (3) : 
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[0015] Wb8] 




[0016] (S:^, R 1 ^»m^^b-r^J:v^^*ml-l2(DT/^^/^^, ttS^fLtt)j: 

[00 17] [>ffc9] 




[0018] R 2 te?k*ijl§C^\ *Bfe^, ^h^S, -O-vvv^^, e&S&^L-OkJ; 

[0019] mmtpmfcxrz&mtpmfttLrX&mftft^mm, 4— <^ 

[0020] *58w-cfi[ffl*r«m^j^, Mim^^oi^t^i-So 
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[0021] Mb io] 



o 



OH 



(1) 




[0022] -xmztiZo ^k&mfe$:ffiKMm*smx*2bz>t)K m^mxA^^rm^i 

5): 

[0023] Mbll] 



[0024] ^ji52-Ttf/wy-^p?^e^ mm, mm, x^^^^ 

[0025] ?fe*3 % huSE^(i) -e^$^5-tKndf ^-2--<^y^«rS^iS-e^#i-§^ g 

<D^^m^R!^(Dmnt\^xmmir^t^mxh^ 0 
[0026] mz.. ^mM^&i&xhz^mm, 4-^>?^j*—m*. rmm2) : 



O 



O 
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[0027] Mb 12] 



OH 




OH 



(2) 



[0028] -em&tiZo ---e> * ^^mm^mu zr&mttmm-iRxizs'e&Zo 

[0029] ^K<D^^^fe53fe^fiH4^/^^-Mb^«, TSB^O) : 

[0030] Mb 13] 



[0031] -C^tbSo rr-C, R 1 ^igmS^#bT^J:V^^*#Cl-12(DT7^dr/^^, 

1 2<DTU— /V^^-fo 
[0032] R 1 ^L-C^L<«, ^/VS, xf/vS, ^nn^f/H, YDzr/Vlrn^A'^ << 

[0033] jjcici, ^K(D^#i-efe63fe^tei-Mm-2-^^/vfc 0 tiy^^^ % Tts^:(4) 



SQ 2 R 



1 




O 
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[0034] Mb 14] 




[0035] -emtStlZo R 2 «:**jJ§C^\ ^h^^ -O^/l^^^ 

^bTt) ^mWci — 1 2(DT/Vdf-/VS, g^S^WUTt) J; V \^it#:7— 1 2<D 

[0036] R 2 tLT^U J3\ 7k*J]§H\ ^K^S, ;*Hr->S, ^vVv^v^ 

[0037] ttrtB^(i)^$tL^5-tKn^-2--<^y^^jS^i-§r^^j:i9, 

[0038] %^mt^m\z.x.<>xmm^fhtz^vwm^mt\^x\^ 

^^^^hy^A^^tKn^7^-2-^y-/^^MM$^M7c^j,3fe^ 

ttl, 1 '-tf^-^^h-zv^TK^^T/^^^Ay^^^^^M^tv^M^J^^ 
[0039] *fc, t^^fB^*^X«^*#»M3S5c^fflV^§^^»^M^^i:UT^i, 
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[0040] m&m^fc^&^mittt^xitt^^mi&^mm^ avxzrjism 

m&*bLXffr^<fer.mGltiL*-C3bZ>o IlM&L*bVX&&L<fe, BINAP(2 
, 2'-tr^^3i— >Vif£X74S—\ t l'-tf^-^/W) ;Tol-BINAP(2, 2'-tf^(v ? - 
p-hV/W&zrjS-l, l'-f^^^-/V)#(DBINAPf|^#:;BDPP(2, 4-fcT.x(S^7 
^^/V^^y)^^^) ;DIOP(4, 5-lf^(^^^/V^^y^^/V)-2, 2 
^f/M, 3-^^-^i^^;BPPFA(l-[l', (v^cc^/V*;*^/) 7xP 

i?-/V]^9vVT$^) ;CHIRAPHOS(2, 3-fcT -X (v^^/VtfC*:^/) r/^) ;D 
EGPHOS(l-Btfe-3, 4-t^(v ? ^^^/V^^y)t°n!Jv ? >') ;DuPHOS(l, 2 
-tf^ (2, 5-g^^^7/) -<^-£V) ; DIPAMP ( 1 , 2-tfJX [ (o-^hdrv^^/V 

[oo4i] mm^m^mmm^r^m^. ^ l< tt^^^sr^rrs^^, 
m^y^p'V— /k &at xi-immr^^j^m^m^^x^m^ir^b 
&nsmx&z> 0 

[0042] ^fc, BiffE^(l)^$tL§5-tKn^i/-2-^^7^(D^/V^/VS^r3tft:3l 

[0043] rr-e, mmui bn. ±&m7m&&&'rz>mm s #m^A,<D^ _hteai 

mm. mmmfo. xu^commm^m^rzo zzx^^mmm^bu, mz-tt. ft 
mmm, mwmm^ r-^h^mm^ x^tihrn^mmo^M^-rz 
„ zbteztibrnmufe, ^(D^texvmmimmh^^mmim^mmb 

&mmmxft?zbtfx%z> 0 

[0044] ^Ko^3l7cxe^*3v^-c, MlE^:(i)-e^$ti/^b^^^/v^/«^ 

^3^Wt!l»5c-r5flH4Sr*t-5ll3tlj|gi:LTtt, ^^f^ (Candida) JR, t* 
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7$i/T ( Devosia) J1L PKa-y^ ( Rhodococcus ) Xtet*KM<7 ( Rhodotorula ) M 

[0045] ±mmmm.<Do-h, mm^ivxm^ti^t^m^/p^/v^smtRm^m 

7iir^m^^ir^m0Mt\^X^ pK^^^-^-^X (Rhodococcus sp.) N 
X^^Kh/V^ • ^7l^^ ( Rhodotorula riutinis ) m^^^M E±3 *<75g|*M#^f h 

[0046] £fc, MSE^Cl)^^^^^^^/^^/^^^^^^^^^ 
irZW^^MbL-XU, ^l^fA^ - ^VUj: ( Candida magnoliae) , ^-r^V^W 
(Candida malis) „ X^T^VT • ytff^tf ^ (Devosia riboflavina ) ^<D'$k^M ft 

[0047] _hfE^^^S*OB^^m»^^t^^-r^^^^bT«, l?3M*Xte 

nabe^j^#^)X@, ^<Di)NA&m<vm^mzmAisxm$:^^&n%±m, 
jsaj^(D%m,xM^.m^mm^x^ ^mm^^m^mir^m^xm^^t 

^-e^5(WO98/35025) o 

[0048] mmmti.xm^^m^cD^mmmmn, w^m^mmu^h^xh 
itmra^b-c, i&^by^ ^/^a, y^n- 
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[0049] *mm<D&7cRj&te, m^mm^pKmM<D5-^u^iy-2-^.^y>', mm 
m^NAD (p) HRz$±tM^<vmmm^tatt<Dm i mmm&m\\u pmmr 

[0050] R^mtm^^mmm^mwmmmKx^xm^^K mm, i«i»o 

TO. OOOOOl— lf^/V*. £?*L<teO. OOOOOl—O. OOlf^e/Vi, 

telO— 60°C, 0^b<«2O— 50 o C-efe»9, KJ£®pHte4— 9 N 0*b<«5— 8Tfc 

3o HJSB#r H 1«M^i-i2O0#^, 0*b<«i-72B#r^-eff 5^^^-e$§ 0 ^flte 

xn^t^x^ 0 

[0051] ^.mm<DW^j:mz.te\^x, -m^m^^n^wmm-NADipmn^m^m^ 
[0052] ^mc^lx, m^mmi&tettTfiz<Dmm*m&irzffimm&n£irzffijj& 

[0053] ±M(oxd^m.m^m^mt\^xn, ±ia&7GBi^&=— ki-sdnaru^bs 
^x&m&M£nf^nmmk*km&mf bti%o ^x% mmm^n^r^mti 

Bacillus megaterium) &M<D?^—*m>7kmmm&£W%.^\ 
i^LTte^I^ ( Escherichia coli) £W*U/ \ 
[0054] J^ftflfeKte, 3r-¥^v^<yW^Vy (Candida magnoliae ) IFO0705S5fe(DjS7U 
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&Ml&fc : ?-%.Tfi/*iS?X'*tfTWJ>> ( Bacillus megaterium) ^M<D^/V=i— 
mmmmte^-VMW$&&£tlfc. Escherichia coli Help! ( P NTSlG)(g:f£#^FER 
M BP-5835, JjjCWffc 0Wc9^2j!24 0h 

^^■xV^-^y^. ( Candida malis) IFO10003S5fe(Dal^n^^itf5^^t»^>^ 
'WrD? ^ (Bacillus megaterium ) E&5fc<D^7V=t— ^I^^gl*®^^®^ 
£ilfc Escherichia coli HB101 (pNTFPG) (Sffrg^FERM BP-7117. M^f€ 0 
^12^4^110), 

7* aRi^T - U 3jv7^fcT -f- ( Devosia riboflavina ) IF013584&3fc©3£7nBi l ^3t'l2^K.tJ ! 
^ v^;*, • 21f^V VJ* (BaciUus megaterium) S5te<D^/V:3— ^fl&fc^g^jgfrjS^-C 
flggfeft£;h,fc Escherichia coli HB101 (pNTDRGl) (§:f£#^-FERM BP-08458 

, jK^ft 0 «14^5^ 29 0 ©Brt*t6»*^^h^^S<5<BBS*tei!: 

DKn^X'^t- X(Rodococcus sp.) KNKOI&M&MtzB^&U^XI&'M 
^fe^ixfc Escherichia coli HB101 (pNTRS) (^f£#-^FERM BP-08545, 

t£ 0 «i4^2^ 13 0 (Dm\H^tm^^^v^m\^-5<mm^mmm) , 

XU, - Jf/Vf-^.?. ( Rhodotorula glutinis) \¥OA\5^^(DMjtW^M.^^- 

%OJ^i/7^- ^jfTWJ* ( Bacillus megaterium) S5feCO^W=3— ^l£?kl{f g^lif jfrlS 
^-C^W^m^ixfr Rscherichia coli HB101 (pNTRGGl) (^ffrg^FERM BP-7 

858, mwtt 0 22 s)m$mf btiZo ^^>©ffte»4»ii, 

[0055] ^*d\ ^mm^m^jim^. mmmn^tm^^xmmi-^ x^mmm 
t\.x±m^m^m^m(Dmmmh^<^wmMm^m^^m^n,mmmt 

[0056] MTC^T^C^^ttl, 4-s<l/?>i?$—M*. %mz£9mM1rZ>Z.k& 
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[0057] m^. ttflB^:(2)-e^$tt^3fe^^tti, 4— o-^^^— /V^/V*^/Hki~§ 
[0058] r.r.-e^ tufa^/v*— /Wb^LTte, ^m^V^/vsJwk ^/i^^aee^R^i^ 

[0059] *fc, BilfB^S^bT^, #KMfi£*U£V^ Jg3^T^ig#Wl£LC m«> 
yrc^-/VT^^, MJ-n-^^/VT^^, N-^/WE/V^y^ N-^/Vt°^y>V x v 5 

L<j»fE^i^(2) ^LT2~ioctf^e/v-*-e;fc<9, M^*b<^2-4f^/V 
[0060] KJS^^b-cri, ^S^^«^^^bT'KfflL-C^J;v^L. Xte^b^tK 

P77^, 1, 4-v^^-dri^-^, ^^W^i/yn— tV1^<D^— T/l/%kM 



WO 2005/073388 



13 



PCT/JP2005/000575 



mmmur. m^^<it5-2ommAxh^ 0 

[0061] KJSH#M&*&, RT$&^fa±(DmMfrh-20-150 o Cmmis<, 0 

[0062] KJSft©#yffl£LTtt, MJ^^^^^^^i#i-Sfcfe(D— jRW^aSrfT^. 

[0063] mz.. ftme^ (3) -e^^tt^^^tt^/v-*;^— Yit^m^r^t^^^ 

[0064] m:\ mmTV^bVX te#!l;U5\ T^^T, fcKt^vWT^ 7<h^T^ 

[0065] ffrfaife^LTtem«\ zK^b-T-hy^A, zkiitft;WA^<DT/v#y^S7kj!f 
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fctbi-rbVVJvib^i/K ^bV^^b^>b\ #y?Atert-y>^yK#<DT/i^;y 

^mr/^^b; Tkmtv^v^ MSMkt-bvvj*. 7km4k#yvj»m<DT/iszrv& 
myKm^m;^m^bv^^mm^})^m<DT/^v^m^m&;b]}^/i-T^ 

, bV-n-y^/VT^, N-y^/^/V^yy, N-y^VVfc°^y^>\ ^MVZfn^/V^. 

m-^<\^m\^i-b^^ Tkmtxvv^ &mtrbv?j*. mmxvvj*. bv^/v 

[0066] ff(fST5V(D^ffl A^LT{*. 0*b<«ffrfB^^ (3) fc^LTl—lOOfgpe/HI: 

<fe><5o 

[0067] H^^^bT^, TV^W^RSt^mt^xmm^Xh £\ Xfcfc* 

y— /K -fy^nyV— ;vf(7)7;^- /^mMi'rb^btiy^, 1, 4 
-^h^y, ^l/^^y=t— y^;vm(D=r.— T/^MfflkM^^ 

*^^;Tirhy, y^/V^/V^hy^(D^rhy^^;Tirh^hy/V N ^nt°t= 
by^m<D^bV^mWi-Mik^^. ^nn^f©/Nn^Viil;N, N-v* 

^/k^^y^hyr^K#(D*^^hyT^K^^jS^fflv^-C^j:v\ 0^b<fi, 
2tW±^ffflLt!>J;v\ 2««lfit5f^, ^Jt«#^$iJPS$toV\ tff 

[0068] 5cJ£?M«, BOWI^M^ RTf&mfa±<VM&frh-20-150 o Cmj^<, 0 

[oo69] sj^^^^a^bT^, BL^^h^j&m%: i &m~tz>tLtb<D— mvMn&nz. 
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^vk mt^^iy^ v/v^-iy^ ^^m^m^^x^mm^n ? 0 nhtvtzm 
mmfrhmmmm^m^. RmmmRximmmm^^ir^t n mm* 
nhtiz> 0 ^(om^xmhtbtinmmte, mm. mm»<?>&f$iymfckvx-t& 

[0070] ziTKmmm&mf ^mm^K^m^nmir^K ^mmn^hmm 

m(7)^-iz.m^ti^h(7)xi~if^\ 
[oo7i] mmmn ^m^r.4-^^j±- ;v<Dm& 

YTi^ifiChU^^h^ 1. ^hrcdf-^ 1.0%.NaCl 0. 5%.pH = 7. 0) 

t^au 37x:xi8mmmt^mmvtc 0 mhfitz.mmmimuz.^-\iY^^-2- 

^y^/yiOmg, NADXIiNADPlmg, ? J*20mg£ri^(jnU 3O O C-C2O0# 

#^A:CHIRALDEX G-TA 20m XO. 25mml. D. (ASTEC*fc$i) , ^7^fi 
S:80°C, ^U^Mt: 100/1, dHrUT— ^:He 40cm3/sec, tfelii:FnX K 
f*:G— TFAft^ft: 

= £^*/(^fC*+ xlOO 
)tfMS(%ee) = (A-B) / /(A+B)xl00 

[0072] D^l] 
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Jr-f- JC± t*= 

Tffl f»S* 


«fe +fii 5$- 

(%) 


Tfc iPti 
(% e e ) 


iffi *7 Eau IB. 


Escherichia coli 
HB101(pNTS1G) 
FERM BP-5835 


NADP 


1 0 0 


9 9 


(/?) 


Escherichia coli 
HB101(pNTFPG) 
FERM BP-7117 


NAD 


1 O 0 


9 9 


(/?) 


Escherichia coli 
HB101 (pNTDRGI) 
FERM BP-08458 


NAD 


1 o o 


9 9 


(/?) 


Escherichia coli 
HB101(pNTRS) 
FERM BP-08545 


NAD 


10 0 


9 9 


( s) 


Escherichia coli 
HB101(pNTRGG1) 
FERM BP-7858 


NADP 


1 0 0 


9 9 


( S) 



[0073] mmM2) 5-Mh 9 ti^-2—0^/^(Dm^ 

2-T-fe^-/V-y-^^-n^h^l2. 8g(l00mmol) {£5%y^B&!k$g$a00mL 

^px., ioo°c, 4NF^*#bfc 0 iiaitw, Tkmki-hvv&Tkmm-etpfti 

ttZLbteZ*)* 5-fcKndri/-2-^^7^7K^(130g, 7. 8Mft%) £r#fc 0 
[0074] (Mi#l3) (S)-l. 4-^^^^—/^^ 

|S.i^X.^:Ii0HBlOl(pNTRGGl)g:fe#^-FERM BP-7858^ 500mL 
^Unyy^^m^t^.50mL(D2XYTmm(hV^<-7 0 h^ 1. 6%,^f— 
df^ 1. 0%, NaCl 0. 5%, pH = 7. 0)iigSL, 37T:-e2O0#r^Sg^5i§#bf'o 
nhtlf'mmw50mU^ mMm2-emhtlf'5-^vi^-2-^^J^2. 5g£ 
-^•tP7K^^(32g), NADP2. 5mg, ?/U=i—X6. 6g^^DL, 7. 5M<D7k^f[^ 

00%) o *fc, ^#!|l^lKl#CD^-e3fe^S^a'J^b7c^^>, 99%ee^_htr$> 
'H-NMR(400MHz, CDC1) 6 1. 21 (3H, d), 1. 4-1. 6(4H, mh 2. 6-3. O 

3 

(2H, brs), 3. 67 (2H, m) % 3. 86 (1H, m) 0 
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[0075] mmM4) (s)-i. 4-^y^y^-;wliif 

/|a#X.^§0HBlOl(pNTRS)g:ft#^-FERM BP-08545^ 500mL^K 
1. 0%, NaCl 0. 5%, $t^M|&77kft]^ 50mg, pH = 7. 0) tgtL, 30°C-C4 

-iom±M)i, ooounits, Hii^^-e^t^tLTcs-tKn^^^-- <^y^5. 

tP^K^«(64g), NAD2. 5mg, *13. 2g^»U 7. 5M(D7K^b^hy 

-/V5. Og£#fcOW:100%) 0 ^»Jlirl^l#(D^-e3fe^MS^S!lSL 
fci^S, 99%ee^_h-efeo/i 0 
[0076] mmffl5) (S)-l, 4-tf^(^^/V^/^^)^^^^ 

H»!l3^-CM5tb^c(S)-l, 4— /V2. 5g(24mmol), h/V^/V 
T5^7. 3g(72mmol), g^^^-/V30mL^^^^M^5 o C^?^*PU Wfct?^ 
^/V^^/VQ. 6g(58mmol)^P^.TlH#rBm#L/t 0 tMfn^^^^hy^TK^ 

$fc«fe^, ^j£T^^#*-T5^^J:9, (S)-l, 

i/)^i/?is&wm&mmtobLxmz.{e>. ig, w:98%) 0 

'H-NMR(400MHz, CDC1) 8 1. 45 (3H, dh 1. 7-2. 0(4H, mh 3. 03 (6H 

3 

, sK 4. 27(2H, m), 4. 86(lH, m) 0 
[0077] mifcM6) (R)-l-^^v ? /V-2-^^-/Vl:°rn;^(DM^ 

M1&M5KXm^fc(S)-l, A-\?^W^^>VT^^>V^%/)^$ls2. 49g(9 
. 6mmol) h^yV';VT^y^. 13g(47. 9mmol)^70°C, 30#^a#b/t o 

Lt#fc(l. 83g N Jfc^:100%) o 
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'H-NMR(400MHz, CDC1) 8 1. 17(3H, d) „ 1. 45 (1H, m) N 1. 6-1. 8(2H 

3 

, mh 1. 93 (1H, mh 2. 09 (1H, ddh 2. 38 (1H, dq) „ 2. 89 (1H, ddh 3. 13 
(1H, dh 4. 02 (1H, dh 7. 2-7. 4(5H, m) 0 
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m^mm 

[1] TfB^(l): 



O 




Wb2] 



OH 




[2] mflE^:(l)T^$^5-tKnari/-2 — ^^^©^»7nSr. ^m\&Wtt 

[3] mteM^M^^T^y ( Candida ) JB. 7*^>T ( Devosia )M. oF^^ ( 

Rhodococcus) I, (Rhodotorula) m\Z.mttm*.m<D&mmikT£ / 

(Rhodococcus) XttnKM^ ( Rhodotorula) m\Z.m-tZ>WL*.%a(D 
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[5] tfffBS3BiRWfcBl3lfiB# s . PK3^x-^b°-i/-X ( Rhodococcus sp.) , Xtt^K 
h/l^ • 7>\r5-zz.?s ( Rhodotorula glutinis ) Oi^^&UV'XfS^ftfe^^^^ 

[6] t&^S3B#£fcj>5lBMfiS;&^ Escherichia coli HB101 (pNTRS) (FERM BP-08545 

) „ X ^ Escherichia coli HB101 (pNTRGGl) (FERM BP-7858) (D^Wk, RTF/ 

(Candida) JS. Xfct^VT (Devosk) m^M&Z>'$k^M<n^Wfo 

[8] BtffBRiliR m?mmM& , ^^f^ • ( Candida malis) , ^l^f^ ■ ^ 

( Candida magnoliae ) N XteT^VT ■ Utf^tf ^ ( Devosia riboflavina ) <Dt&m 
^JtT^/X«^^m^30^#fetb§^-C«,M^7^|B«OM^o 

[9] mftP,Ra^^^^^M^ Escherichia coli HB101 (dNTSIGHFERM BP-5835) 

„ Escherichia coli HB101 (pNTFPG) (FERM BP-7 1 1 7) % X ^ Escherichia coli 
HB101 (pNTDRG 1) (FERM BP-08458) <D^^mj&Tf-/X\^tlh<DW%Mfr 

[10] TSE5£(5): 
Wk3] 




[i i] mMmi— io<dv ^Tti^^-fE«o^^ j:«9Mitb7t ffjfB^: (2) -e^$4x53fe# 
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7£t£l, 4-^>fryi?3r— j>v%K;vi£^Mk1rZ>Z.k\z.R0 , TIBS: (3) 

mm 



S0 2 R 1 




(3) 



SQ 2 R 1 



HKT^£Kl£&itr5-£&#&£1-5, TIES; (4) : 




(4) 



[12] 
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